We compared the Oxoid Signal bottle (Oxoid, U.S.A.) with supplemented peptone broth (SPB) tubes (B-D Vacutainer; Becton Dickinson Vacutainer Systems) for performing blood cultures in a pediatric hospital. Blood from 3,066 samples was divided equally between the two systems. Of 131 probable pathogens isolated, 121 were detected in the Signal bottle and 1i11 were detected in the SPB tubes (P > 0.05). Of 167 probable contaminants, 122 grew in the Signal bottle and 109 grew in the SPB tubes (P > 0.05). The recovery of staphylococci, both probable pathogens and probable contaminants, was increased in the Signal bottle. The recoveries of other organisms, including streptococci, members of the family Enterobacteriaceae, and yeasts, were similar in the two systems. However, the Signal bottle failed to detect three isolates of Haemophilus influenza, and the time to availability of isolated colonies of other isolates of H. influenza was delayed. Overall, the Signal bottle was easy and convenient to use, and its innovative detection system should facilitate the early recognition of positive cultures. If its ability to recover H. influenzae can be improved, the Signal bottle could be a useful alternative to existing systems for use in a pediatric setting.
The Oxoid Signal bottle (Oxoid, U.S.A., Inc., Columbia, Md.) is a one-bottle blood culture system that uses a unique method to detect microbial growth. Gas produced by organisms growing in the broth causes visible displacement of broth into a special detector device that is attached to the top of the bottle after inoculation with blood. The bottle has been shown to be capable of detecting a wide variety of pathogenic organisms (9) .
Pediatric bacteremia differs in a number of respects from adult bacteremia. For example, Haemophillis ilfliuenZae and Streptococcus pnernofflae account for a higher proportion of isolates and anaerobes account for a lower proportion (13) . In addition, the quantity of blood available for culture is much less (6) , while the concentration of organisms circulating may be increased (1, 8, 10) . Because all of these factors may affect the performance of a particular blood culture system, it is important to evaluate new blood culture systems in a pediatric setting. In this study, we compared the Oxoid Signal bottle with supplemented peptone broth (SPB) tubes (B-D Vacutainer; Becton Dickinson Vacutainer Systems, Rutherford, N.J.) in a pediatric hospital.
MATERIALS AND METHODS Collection and distribution of samples. Specimens included in the study were blood cultures routinely obtained from patients at St. Louis Children's Hospital from October 1986 to July 1988. Blood cultures from patients on all units of the hospital except the neonatal intensive care unit were included in the study. These cultures were usually obtained by house officers and nurses.
Personnel drawing blood for culture were instructed in standard techniques of disinfection (7) . Blood was drawn into transport tubes or bottles containing sodium polyanetholsulfonate (SPS). An SPS bottle prepared at St. Louis Children's Hospital was used when the volume of blood was less than 1.0 ml. These bottles contained 1.0 ml of 0.05% SPS in 0.85%, saline. Commercial SPS tubes (B-D VacuCorresponding author.
tainer; Becton-Dickinson) containing 0.68 ml of 0.35% SPS in normal saline were used when the volume of blood was greater than 1.0 ml. SPS tubes or bottles were transported rapidly to the laboratory. Blood was allocated evenly between the Signal and SPB systems. When the total volume of blood obtained was greater than 1.5 ml, 50% was inoculated into a Signal bottle and the remaining 50% was evenly divided between vented and unvented SPB tubes. If the volume of blood was 0.5 to 1.5 ml, only a vented SPB tube was inoculated.
Processing of cultures. After inoculation of the Signal bottle, the Signal apparatus was fastened onto the top of the bottle and the locking sleeve was pulled down into position. If sufficient blood was available to inoculate two SPB tubes, one was vented for day 1 of incubation and the other was unvented. If only one tube was inoculated, it was vented for day 1. A glass window was present on the incubator door, which facilitated visualization of the cultures by laboratory personnel. The Signal bottles were agitated on a shaker set at 150 rpm for day 1 of incubation. Thereafter, Signal cultures were stationary but were swirled manually two times per day for 2 additional days. SPB bottles were incubated in a stationary position, except when they were subcultured. Both blood culture systems were incubated in air at 35°C for 7 days.
Subcultures of the SPB tubes to chocolate agar were performed during the first 8 to 20 h of incubation and again during day 2 of incubation. Subculture plates were incubated for 48 h at 35°C in 5 to 6% CO. Signal bottles were not routinely subcultured unless the Signal apparatus registered as positive or other indicators of bacterial growth such as turbidity, hemolysis, or gas formation were present. SPB tubes were routinely examined twice per day. Signal cultures were examined twice per day when they were swirled. In addition, positive cultures in either system were sometimes detected at other times whenever laboratory personnel observed evidence of growth. Any time that one system was found to be positive, broth from the other system was Gram stained and subcultured. All isolates were identified by standard procedures (4). Determination of clinical significance. Isolates were identified as either probable pathogens or probable contaminants on the basis of their known pathogenic potential. Species such as coagulase-negative staphylococci, usually considered to be contaminants, were classified as significant if they were isolated from more than one culture from the same patient and the isolates had identical antibiograms.
Statistical significance. The statistical significance of differences in the overall isolation rate and in the isolation of individual organisms was evaluated by using the chi-square test for paired samples (McNemar test) (2) . The significance of differences in first detection of positive cultures was evaluated by using the sign test (3) . A P value of <0.05 was considered statistically significant.
RESULTS
Of the 3,066 blood culture sets incubated in parallel in the two systems, 131 probable pathogens were recovered from 123 cultures (4.0%), including 121 recovered from 91 Oxoid Signal cultures (3.0%) and 111 from 85 SPB culture sets (2.8%) ( Table 1) . A total of 167 probable contaminants were recovered from 148 cultures (4.8%), including 122 recovered from 98 Signal cultures (3.2%) and 109 isolated from 80 SPB culture sets (2.6%). These differences were not statistically significant.
The relative recovery of individual probable pathogens in the two systems is shown in Table 2 , and probable contaminants are listed in Table 3 . The recovery of gram-positive organisms, both probable pathogens and probable contaminants, was significantly increased in the Signal system (P < 0.01 for pathogens and P < 0.05 for contaminants). Most of this difference was accounted for by coagulase-negative staphylococci, but three isolates of Staphylococc-lis aureus were also recovered only in the Signal bottle. The overall detection of Streptococ(clus pnewlnoniae was equivalent in the two systems. However, it should be noted that 4 of the 15 isolates of S. pneurnoniae detected in the Signal bottle were seen on Gram stain but failed to grow on subculture, even though the Signal device indicated microbial growth. Among the 17 isolates of H. infliienzae, 3 were recovered in the SPB tubes and not in the Signal system. Because of the small numbers, the only difference in the recovery of individual probable pathogens that was statistically significant was that for coagulase-negative staphylococci (P < 0.05).
For cultures in which the volume of blood was sufficient to allow inoculation of two SPB tubes in addition to the Signal bottle, most of the probable pathogens were recovered from both the vented and unvented tubes, whereas probable contaminants were frequently recovered from only one of the SPB tubes (Table 4) . influenza, isolated colonies were present on subculture plates at the time of first detection in the SPB system.
DISCUSSION
This study was undertaken to evaluate an innovative new blood culture bottle, the Oxoid Signal bottle, in a pediatric setting. Several features of the bottle are of special interest, including the unique detection system, the potential for use as a one-bottle system for both aerobic and anaerobic organisms, and the possibility of use without routine subcultures. It was also of interest to determine whether the relatively large volume of broth in the bottles (80 ml) would be too great for the rapid recovery of organisms from the small volumes of blood frequently available from pediatric patients.
Previous evaluations have compared the Signal bottle with other blood culture systems in a general hospital setting. Weinstein et al. (12) In our study, the Signal bottle was compared with SPB tubes for culturing blood from pediatric patients. To ensure equal allocation of blood between the two systems, the inoculation of blood into the two systems was performed in the laboratory from blood drawn into transport tubes. The Signal bottles were agitated during day 1 of incubation. The overall recovery of pathogens was greater in the Signal system, although the difference was not statistically significant and was attributable largely to the increased recovery of gram-positive organisms in the Signal bottle. In contrast, the recovery of H. influenza was decreased in the Signal bottle. The recoveries of facultative gram-negative bacilli were equivalent in the two systems. The number of meningococci and clinically significant anaerobes was too small to permit any conclusions to be drawn about these organisms.
Although the differences between the two systems in time to detection did not achieve statistical significance, several trends are of interest. Isolates of Staphylococcus aureus tended to be detected earlier in the Signal bottle, whereas isolates of H. influenza type b and yeasts were detected earlier in the SPB tubes. It should be noted that these differences were present despite a study design in which detection of an organism in one system led to visual inspection, Gram stain, and subculture of the other system, even if these operations were outside of the routine schedule. This study design ensures that earlier detection of an organism in one system is not the result of the organism being overlooked in the other system. Because this design tends to lessen differences in time to detection, any differences that are detected are especially meaningful.
This In conclusion, we found that the Oxoid Signal bottle, used as a single-bottle system, compared favorably with SPB tubes for the overall isolation of pathogens. The failure to recover some isolates of H. influenza and the delay in availability of isolated colonies of other H. infliwenzae isolates are of concern because of the paramount importance of this organism in pediatric bacteremia. The true capability of the system for recovering anaerobic and other fastidious pathogens could not be assessed in this study because of the relative rarity of such organisms in pediatric blood cultures. and the true potential for recovering such organisms. including N. ineningitidis, remains incompletely evaluated. Ihe bottle was easy to use, and the detection system has the potential for alerting the laboratory to the presence of microbial growth in a convenient and carly manner. If the ability to recover H. influwnzae can be improved. the bottle could be an alternative to existing systems used to detect pediatric bacteremia.
